The adhesive ca.pabilities of eight vibrio cholerae 0139 epidemic strains to isolated rabbit intestinal epithelial cells (RIEC) were observed to be high similar to those observed with a Hbrio cholerae 01 strain isolated from patients. Toxin production by the strains, measured by accumulation of fluid in rabbit ileal loop model, was high and the toxin was lethal as the animal expired within 6 h. Culture filtrates of the strains exhibited the presence of vascular permeability factor which produce induration and necrosis in the adult rabbit and guinea pig skin. All the strains showed high to moderate haemagglutinin titres against chicken erythrocytes and produced El Tor-like haemolysin. SDS-PAGE of the outer membrane preparation of the strains showed the presence of major protein component at 38 kDa region. The lethality of the toxin, high adhesive activity, shifting of the major outer membrane protein band and production of thermolabile haemolysin on Wagatsuma agar were the major variations of these epidemic strains frorn I/ cholerae 01 and K cholerae non-01 strains isolated previously.
Introduction
Vibrio cholerue non-01, formerly called nonagglutinable vibrios (NAG), were, until recently, isolated mainly from water but were sometimes incriminated as the causative agent for sporadic cases or small outbreaks of a diarrhoeal disease clinically similar to cholera. In spite of the presence of several pathogenic factors in K cholerue non-01, such as an enterotoxin very similar to cholera toxin (CT), a heat-stable enterotoxin NAG-ST, and a haemolysin NAG-r TDH which is similar to thermostable direct haemolysin of diarrhoeagenic K paruhemolyticus, these strains never caused epidemics. Recently, K cholerue non-01 caused epidemics in different parts of India and Bangladesh [l] ; these strains were designated K cholerue 0139 Bengal.
In addition to the production of CT, lX cholerue 01 relies on a number of additional virulence factors such as cell-associated and soluble haemagglutinins, pili, zonula occludens toxin (zot>, accessory cholera enterotoxin (ace) etc., for the optimum manifestation of cholera pathogenesis [2] . The purified cell-associated haemagglutinin (CAHA) from I! cholerue 01 acted as an adhesin molecule in an in vitro system with isolated RIEC [3] . Among the other pathogenic fac-
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tors a toxin co-regulated pilus designated as TCP in pathogenic I/; cholerue 01 was involved in the colonization of the human intestine [21. Recently, the presence of three types of fimbriae in I/. cholerae non-01 strains and termed as VCNI, VCNII, and VCNIII was reported [4] .
This study examined the virulence factors of a few representative strains of l! cholerue 0139, isolated from a recent Calcutta epidemic, such as production of toxin, haemolysin, haemagglutinin, adhesive capability of the strains to isolated rabbit intestinal epithelial cells (RIEC), presence of fimbriae, and the protein profile of outer membrane (OM) of the bacteria.
Materials and Methods

Bacteria and culture media
Eight K cholerae 0139 strains were isolated from hospitalised patients with acute watery diarrhoea during the recent epidemic in Calcutta. I! choferue 01 Ogawa 138, Inaba 569B and V. cholerue non-01 strain NAG 108, isolated from hospitalised patients, were included in the study as controls.
Tryptic soy (TS) broth (cont. 3%, w/v> was the usual media used to grow the bacteria. The other media used for specific tests were synthetic broth [5] , thioproline carbonate glutamate (TCG) agar [6] , TS agar and Wagatsuma agar [7] .
Preparation of isolated RIEC
Rabbit intestinal epithelial cells (RIEC) were prepared by the method of Dean and Isaacson [S] . Epithelial cells with intact brush borders were suspended in phosphate buffer saline, pH 7.2 (PBS) at a concentration of 1 X lo7 cells ml-'. Cell counts were determined by a haemocytometric method [9] under the phase-contrast microscope (Leitz Dialux 22).
Adherence assay
The adhesive activity of the bacterial strains to isolated RIEC were quantitated by an ELISA [lo] . Bacteria grown in synthetic broth [5] were suitable for the expression of the adhesins [ll] . Cells were washed in PBS and suspended in 0.1 M sodium carbonate pH 8.2, at a concentration of 1 x lo8 cells ml-'. Biotin-n-hydroxysuccinamide (12.5 ~1 of 10 mg ml-' in dimethyl sulfoxide) was added to 1 ml of the bacterial suspension and incubated at ambient temperature for 2 h. Biotinylated bacterial cells were washed and suspended in PBS at the same concentration. Adherence of biotinylated bacteria to immobilised RIEC on ELISA plates were quantitated with avidin-peroxidase as the detecting agent with ophenylenediamine in the presence of hydrogen peroxide. The colour was allowed to develop for 15 to 30 min which was blocked with 5 N H,SO,. Absorbance at 450 nm was measured in a microtitre plate reader. ELISA units were expressed as the absorbance of 450 nm of the reduced substrate [lo] .
Rabbit ileal loop test
The male adult albino rabbit ileal loop (RIL) test was used to measure toxin production by the bacterial cells [12] . 1 ml of bacterial cell suspension containing 1 X lo9 viable cells were injected in each loop. The results were expressed as the ratio of volume of fluid accumulated (V in ml) to the length of the loop (L in cm). I/. cholerae 01 In569B and normal saline were used as positive and negative controls respectively.
Vascular permeability factor (PF) test
Culture filtrates of TS broth-grown bacterial strains were passed through a 0.45~ membrane filter and concentrated by ammonium sulfate precipitation (60% saturation). The precipitates were dissolved in, and dialysed against, 0.05 M TrisHCl, pH 8.0. Samples (0.1 ml) were injected intradermally in the adult guinea pig and rabbit to observe the presence of toxin responsible for the increased permeability of the skin. Toxin potency of each preparation was expressed as the number of 4-mm blueing doses (BD,) ml-'. One BD, was defined as the amount of toxin which produced a mean lesion diameter of 4-mm under the experimental condition [13] .
Haemolysin test
The production of El Tor-like haemolysin by the bacteria was done by the method of Ya-201 mamoto et al. [12] with 2% (v/v) sheep erythrocytes. Haemolysis wa:s quantitated by measuring the absorbance of the supernate at 540 nm.
The thermostable haemolysin was tested with 5% (v/v) rabbit erythLrocytes in modified Wagatsuma [7] agar plate. The ammonium sulfate precipitate (60% saturation) of the TS broth-grown culture supernate was tested for haemolytic activity after the precipitate was dissolved in and dialysed against 0.05 M Tris-HCI, pH 8.0. Preheated (1OOC for 10 min) or unheated samples (40 ~1) were placed in 4-mm diameter wells in the blood agar plates' and incubated at 37°C for 24 h. Clear haemolytic zones around the wells were noted.
Haemagglutination test
Quantitation of the haemagglutinating activity (HA) of the bacterial cells was done by the method of Svennerholm et al. [15] . 25 ~1 of serial two-fold dilutions of TS broth-grown bacterial [16] , were mixed with an equal volume of 1% (v/v> chicken erythrocytes in microtitre plates and incubated at 20°C for 1 h. The HA titre was expressed as the reciprocal of the highest dilution of the bacterial suspension in which haemagglutination was visible to the naked eye.
Electronmicroscopy for detection of jimbriae
Bacteria were grown in TCG and TS agar at 37°C for 18 h. PBS-washed bacterial cells were fixed on carbon coated grids, negatively stained with 2% (w/v) uranyl acetate and examined in a Philips electron microscope (model 420T) with appropriate magnification.
SDS-PAGE of 044 proteins
Outer membranes of K cholerae 0139 and l! cholerae 01 strains grown in synthetic media [5] were prepared by the method of Kabir [17] . SDS-PAGE of outer membranes was done by the Laemmli [18] method in the presence of 2-mercaptoethanol.
Results
The most significant finding of this study was the high adhesive capability of all the K cholerae 0139 strains to isolated RIEC, comparable to that of V. cholerae 01 0g138 which was run as a control ( Table 1 ). The haemagglutination titre varied between strains but were moderately high in most of the strains of I/; cholerae 0139. The toxin-producing capability of all the eight V. cholerae 0139 strains were found to be higher than that of V cholerae 01, In569B, used as positive control. Further the test animals never survived beyond 6 h after experimentation with V; cholerae 0139 strains. Under comparable experimental conditions, when tests were performed with l! cholerae 01 strains, the animals were killed at 18 h.
All the strains showed haemolytic activity against the sheep cells, very similar to V. cholerae 01 bio-type El Tor. A thermolabile haemolysin was also detected in the ammonium sulfate pre- cipitate of the culture supernate of the strains using rabbit erythrocytes in Wagatsuma media (Fig. 1) . None of the strains produced thermostable haemolysin.
The culture filtrate of all the I/. cholerae 0139 strains induced induration and necrosis after injection into the depilated skin of adult guinea pigs and rabbits with I! cholerae 01 In569B as control ( Table 2) .
The conventional slide agglutination reactions of I/: cholerae 0139 strains with the antisera against purified cell-associated haemagglutinin (CAHA) of V. cholerae 01 0g138 was recorded. Three of the eight I/: cholerae 0139 strains exhibited only partial agglutination reaction and the other strains did not react.
The protein profile of the outer membrane preparations from the eight K choferae 0139 strains when compared with that of K cholerae Og138 by SDS-PAGE showed significant differences (Fig. 2) . The major protein band of K cholerae 0139 was approx. 38 kDa whereas that of K cholerae 01 Og138 was approx. 45 kDa.
Two types of fimbriae were observed on the I/. cholerue 0139 strains (Figs. 3 and 4) . One of the strains produced the typical VCNIII [4] type of fimbriae having an overall net-like morphology formed with twisted filaments of diam. 5 nm. All the other seven epidemic strains exhibited the presence of long fimbriae with somewhat rigid morphology of diam. 5-8 nm similar to the type found on K cholerae 01 and designated as VCNI. 
Discussion
It is evident from the results that the epidemic strains of K cholerti!e 0139 produced toxins, as detected both by RIL and PF procedures, at a level comparable to that produced by the V; cholerae 01 strains. The K cholerae non-01 strains, isolated pre.viously from patients, were rarely observed to attain such high toxin producing capability [191. The lethality of these I! cholerae 0139 strains to animals, as they expired within 6 h after being exposed to the same size of inoculum compared to its positive control I/: cholerae 01 In569B, is a unique feature.
In addition, the epidemic strains of I'. cholerae 0139 demonstrated high adhesive activity for RIEC in vitro comparable to that shown by K cholerae 01. It is wlell established that adhesion of the organism to the host tissue is an essential prerequisite for colonization and the subsequent initiation of the disease process. The high adhesive activity of the V. cholerae 0139 strains might 203 be one of the factors contributing towards the potentiality of the strains to cause epidemic. It is interesting to note that the K cholerae non-01 strains responsible for previous sporadic cases adhered very much less to the RIEC compared to VS cholerae 01 [19] .
The K cholerae 0139 strains did not react immunologically with the purified CAHA from V. cholerae 01, which had been suggested as an adhesin [3] . The moderately high cell-associated haemagglutinating activity and high adhesive capacity to RIEC are therefore due to some other molecular entity unrelated to the purified CAHA from V: cholerae 01.
The outer membrane protein profile of the I/. cholerae 0139 strains suggests that the O-antigenie lipopolysaccharide might not be the only difference between the I! cholerae 01 and I/ cholerae 0139 strains.
I/: cholerae non-01 strains are known to produce: (i) a thermolabile haemolysin effective against sheep erythrocytes similar to that pro- duced by I/: cholerue 01 bio-type El Tor; and (ii> a thermostable haemolysin effective against rabbit erythrocyte in Wagatsuma agar, termed as NAG-r TDH. In V. cholerue 0139 strains, however, no thermostable haemolysin was detected. The haemolysin of I/. cholerae 0139 effective against rabbit RBC was thermolabile and was detected only after concentration of the culture supernate by ammonium sulfate precipitation.
The most important observation with these epidemic strains were its high toxin production, as detected by RIL and PF procedure, high adhesive capacity to isolated RIEC, moderately high HA titre, shifting of major OM protein band from approx. 45 kDa to approx. 38 kDa, thermolabile haemolysin on Wagatsuma agar with rabbit RBC. The thermolabile lytic activities of E cholerae 0139 on erythrocytes of rabbits on Wagatsuma agar is an unusual characteristic of these epidemic strains.
Further study of the special features of the strains like the high adhesive capability, haemolysin, etc. are needed to understand the sudden epidemic by I/; cholerae 0139 strains.
